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A B S T R A C T
Five sudden cardiac deaths in male adolescents (age 14–18 years) were detected in a
5-year period in Croatia. Two of them had been engaged in physical exercise at school, one
as a professional soccer player, one in recreational swimming, and the fifth had just fin-
ished secondary school and was working at the site. All of them were autopsied and in
three congenital cardiovascular diseases was found. Two had hypoplastic coronary arter-
ies. The third had hypertrophic cardiomyopathy with interventricular wall of 40 mm.
The fourth had normal heart findings including coronaries, but had bilateral pneumonia
with a possible altitude (non-cardiogenic) pulmonary edema. The fifth had a chronic
myopericarditis with an aneurysm of the left ventricle. All of them had not reported defi-
nite symptoms at exertion. According to this data, the death rate in adolescent males in
Croatia during or after recreational physical exercise was 1/100,000 per year or
5/500,000 in five years. Thorough preparticipation medical examination including in-
dicated laboratory tests and avoidance of heavy exertion at the time of respiratory infec-
tion might have helped to avoid some of the lethal events.
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Introduction
Health-related incidents in connection
with exercise are very scarce in healthy
individuals. In persons under 30 years of
age who die during or immediately after
physical exercise, the most common rea-
sons are various cardiac diseases: con-
genital heart disease (hypertrophic car-
diomyopathy, congenital coronary artery
anomalies, including abnormal origin of
coronary artery, hypoplastic coronary ar-
tery, myocardial bridging); aortic steno-
sis; aortic dissection (often associated with
the Marfan syndrome); myocarditis (the
incidence being higher than expected); id-
iopathic dilated cardiomyopathy; mitral
valve prolapse; idiopathic cardiac hyper-
trophy; infiltrating cardiomyopathies (amy-
loidosis etc.), right ventricular dysplasia,
a long Q-T interval syndrome, the Bruga-
da syndrome: right bundle branch block,
the right precordial ST-segment elevation
associated with ventricular tachycardia1–5.
Risk factors for sudden death associated
with exercise include positive familial hi-
story for conditions associated with sud-
den death, cardiovascular diseases and
symptoms suggesting them: syncope re-
current, exercise-induced, non-neuroge-
nic in nature, anginal chest pain, palpita-
tions, dyspnea, and seizure activity6. Ado-
lescents with these risk factors should be
referred to a cardiologist for diagnostic
and therapeutic interventions6–8. There-
fore, it is important that there are oppor-
tunities for medical check up prior to the
beginning of strenuous exercise training
and competition as well as medical con-
trol during the season for persons that
participate in intensive exercise.
The aim of this study was to analyze
causes and characteristics of sudden car-
diac deaths that occurred in adolescents
during or after physical exercise in a five-
year period in Croatia.
Sample and Methods
The data presented here is part of a
large retrospective study in Croatia deal-
ing with 43 sudden and unexpected deaths
due to physical exercise in a 30-year pe-
riod, collected from the whole population
of Croatia of all ages and both sexes, con-
sisted 4,500,000 persons. These deceased
cases were found from the Public-Health
Registry, Sport's clubs and Services of Fo-
rensic Medicine. In the years 1998 to
2002 we discovered five sudden and unex-
pected cardiac deaths due to school, pro-
fessional or recreational physical exercise
in male adolescents 14 to 18 years old.
Two of them had been involved in school
physical education, one in professional
soccer playing, one in recreational swim-
ming for many years, and one had just
finished secondary school and was work-
ing at the site. All of the victims had not
reported any symptoms.
Results
Pertinent data of the five cases is pre-
sented in the Table 1. A forensic autopsy
was performed in all subjects. Coronary
anomalies were found in two of them: in
the 17 years old professional soccer pla-
yer, hypoplastic right coronary artery,
narrowed ascending aorta, acute suppu-
rative inflammation of both tonsils and
subacute myocarditis were discovered. In
the 14 years old school boy hypoplastic
aorta and hypoplastic coronary arteries
were found. The third, the 15 years old
boy who died while playing basketball in
school, had hypertrophic cardiomyopathy
(thickness of the interventricular septum
40 mm – normal finding: up to 11 mm),
and of the left ventricle 17 mm (normal
finding 12 mm). The fourth victim, the 18
years old adolescent, had normal heart
finding, bilateral pneumonia and possible
high altitude non-cardiogenic pulmonary
edema. He was hospitalized in an Inten-
sive Care Unit and dying after 24 hours.
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The fifth boy, who died during recreatio-
nal swimming, had signs of chronic myo-
pericarditis with an aneurysm of the left
ventricle. The mechanism for the lethal
event in all five cases was probably ma-
lignant ventricular arrhythmia.
On the basis of our findings, the rate
of sudden and unexpected death in boys
during or after recreational physical ex-
ercise in secondary schools in Croatia
was 1/100,000 per year or 5/500,000 in
five years (1998–2002).
Discussion
Many possibilities exist in defining an
exertion-related sudden cardiac death6.
The time period needed for the cardiovas-
cular system to return to resting steady
state varies with many factors such as
the type, intensity and duration of the ac-
tivity, and the health status and physical
condition of the individual. Thus, it is not
easy to define exactly what are an exer-
tion-related death and especially a sud-
den death caused by exercise. Some re-
searchers count only deaths during or
immediately after the cessation of exer-
cise as exercise-related deaths, while
some authors include also deaths that
had occurred 30 minutes, 60 minutes or
even more after the exercise9,10.
According to our data the rate of sud-
den and unexpected death during or after
recreational physical exercise was
1/100,000 per year or 5/500,000 in five
years (1998–2002) in boys (and none in
girls) in or immediately after secondary
schools in Croatia. This is lower incidence
than in other age groups in Croatia. For
example the rate of sudden and unex-
pected death during or after physical ex-
ercise in male physicians-specialists was
much higher than in adolescents: 33.6/
100,000, and also higher than in men
aged 30–70: 1.7/100,000 per year in Croa-
tia, and in the elderly: 1.3/100,000 per
year11,12.
Although the incidence of sudden un-
expected death in the school boys was
low, our findings bring up once again the
question, whether some or all of these in-
cidents could have been prevented. None
of the boys had reported any noticeable
symptoms at exertion. However, all of
them suffered from chronic or acute car-
diac or other diseases: two (cases 1 and 2)
had congenital hypoplasia of the coronary
arteries, one together narrowing of the
ascending aorta and subacute myocardi-
tis, one (case 3) had hypertrophic cardio-
myopathy, one (case 5) had a chronic myo-
pericarditis with an left ventricular aneu-
rysm. In one case (case 4) the heart find-
ings were normal but there was bilateral
pneumonia and possible non-cardiogenic
pulmonary and cerebral edema. This 18
years old adolescent was badly nourish-
ed, skinny, exhausted because of a »flu«,
and possibly dehydrated. The possible cause
of death might have been hyponatremic
encephalopathy with consecutive noncar-
diogenic pulmonary edema during bilat-
eral pneumonia. Noncardiogenic pulmo-
nary edema could be a clinical manifes-
tation of hyponatremic encephalopathy13.
The frequency of all cardiovascular mal-
formations, by soma data, is 0.8% at birth
in autopsy series of near 5,000 cases14.
The relative frequencies of cardiac mal-
formations at birth (percent of all new-
born) have been reported as follows: nar-
rowed ascending aorta 6.1%, pulmonary
valvular stenosis 6.9%, an atrial septal
defect 9.8% in this population. The fre-
quency of subacute myocarditis is 1% in
systemic infections14. Thus, the prevalen-
ce of congenital heart diseases, especially
in serious forms, in the population is low.
This causes problems in finding valid and
economical systems and methods for their
diagnosis.
The most common abnormalities of
young persons who have died suddenly
during or after physical exercise have been
found to be hypertrophic cardiomyopathy
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(especially in young competitive athletes,
36%) or congenital coronary anomalies15–17.
In Italy (Veneto region) in a 17-year pe-
riod (1979–1996) among 49 competitive
young athletes (44 male and 5 female)
who died suddenly, hypertrophic cardio-
myopathy was observed in only one sub-
ject or 2% in autopsy18, and coronary ano-
malies in 18% of the victims. In a Swe-
dish study2, in a period of 14 years, 16
sudden and unexpected cardiac deaths
among young orienteers aged 18–27 years
(15 male and one female) were found. Six
had acute myocarditis, four arrhythmo-
genic right ventricular dysplasia, and two
had healed myocarditis. This data dem-
onstrates that the causes of sudden death
of young athletes at exertion can vary
greatly in different countries and athletic
populations. The most common mecha-
nism for lethal event is ventricular fibril-
lation. The most difficult problem is that
cardiac disease in young persons is usu-
ally not recognized prior to death, as was
the case also in our study.
A recent American study10 suggests
that a person can begin a gradual exer-
cise program without consulting a physi-
cian, if the answer is no to the following
questions: 1) history of heart trouble; 2)
heart murmur, 3) heart attack, 4) arterial
hypertension; 5) diabetes mellitus, 6) ar-
thritis; 7) family history of premature
coronary heart disease; 8) exercise-relat-
ed shortness of breath, faintness, dizzi-
ness, or pain or pressure in the chest,
neck, shoulder or arm. In order to give re-
liable answers to these questions, infor-
mation from prior medical examinations
is often needed9,19. Carefully collected
anamnestic data with special attention to
personal and familial (parental sudden
death) cardiovascular history, personal
physical examination, an electrocardio-
gram at rest (12-leads), and especially an
echocardiographic study on the basis of
other information are essential in every
potential athlete or in suspicious cases.
Echocardiography is today a standard
non-invasive cardiac investigation espe-
cially in screening of congenital heart
diseases. A 12-lead electrocardiogram is
the most valuable preparticipation car-
diovascular modality of these three men-
tioned methods at the beginning, and an
echocardiography is a superior method
for detecting congenital cardiovascular
anomalies16,19. However, it cannot be con-
sidered as a large-scale screening exami-
nation of symptomless individuals be-
cause of the equipment and expertness
needed and also because of diagnostic un-
certainties. Echocardiography can give a
false positive finding e.g. in borderline
thickness of the left ventricle or in dilated
heart cavities. A false negative finding
can occur in cases of hypertrophic cardio-
myopathy which might not be detectable
until the adolescent period15.
Detection of premonitory cardiac sym-
ptoms, such as shortness of breath, his-
tory of exertion syncope or chest pain, has
to lead to diagnostic procedures such as
ergometry, thallium stress test, echocar-
diography and coronarography especially
in competitive athletes, according to vali-
dated schemes17. Physical exercise is con-
traindicated in a case of acute infection,
especially a respiratory one. In this re-
port the cause of death was an acute re-
spiratory infection, in one previously healthy
adolescent. In another boy with hypo-
plastic aorta and coronaries and subacute
myocarditis, a respiratory infection prob-
ably was a trigger.
Thus, examination of the anamnestic
and autopsy findings in the six cases of
this material suggests that avoidance of
heavy exertion at the time of respiratory
infection (cases 1 and 4) and thorough
preparticipation physical examination
and indicated diagnostic tests (cases 3
and possibly 5) could have helped in avoi-
ding the fatal event.
In conclusion, this study covering all
sudden deaths related to exercise in the
adolescent population of Croatia during a
5-year period shows that the incidence of
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these deaths is smaller than in other ma-
les engaged in physical exercise. How-
ever, in part of the cases avoidance of
heavy exertion at the time of respiratory
infection or thorough clinical examina-
tion and indicated laboratory tests prior
to involvement in intensive athletic train-
ing might have helped to avoid the lethal
event especially in teenagers.
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AKUTNE KARDIOVASKULARNE KOMPLIKACIJE TIJEKOM ILI
NEPOSREDNO NAKON TJELOVJE@BE U ADOLESCENATA
S A @ E T A K
U petogodi{njem razdoblju (1998–2002) u Hrvatskoj je zabilje`eno 5 naglih i neo~e-
kivanih smrti tijekom ili nakon tjelovje`be me|u adolescentima dobi 14–18 godina. Svi
su obducirani i u ~etvorice je na|ena priro|ena bolest srca. Dva su imali hipoplasti~ne
koronarne arterije, jedan od njih uz to i bakterijsku upalu tonzila, su`enu aortu i sub-
akutni miokarditis. Tre}i je imao hipertrofijsku kardiomiopatiju. ^etvrti je bolovao je
od obostrane upale plu}a s vjerojatnim nekardiogenim edemom plu}a. Peti je imao pri-
ro|enu aneurizmu lijeve klijetke. Nitko od njih nije navodio subjektivne smetnje za
vrijeme napora. Prema tim podacima, stopa smrti za vrijeme ili neposredno nakon tje-
lovje`be u adolescenata u Hrvatskoj iznosi 1/100,000 godi{nje ili 5/500 000 u 5 godina.
Imperativ je prije uklju~ivanja u napore tjelesnog vje`banja, provesti klini~ki pregled
kao i laboratorijske parametre s naglaskom na 12-kanalnom elektrokardiogramu,
pokusu optere}enjem i na ehokardiogramu.
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